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ABSTRACT
The secondary uranium minerals autunite, metatorbernite, uranophane(7), and schroeckingerite occur in altered hornfels at the East Slope No. 2 uranium prospect. The deposit, in sec. 6, T. 27 S., R. 3 W., Piute County, Utah, is about 1 mile west of the Bullion Monarch mine which is in the central producing area of the Marysvale uranium district. Hornfels, formed by contact metamorphism of rocks of the Bullion Canyon volcanics bordering the margin of a quartz monzonite stock, is in fault contact with the later Mount Belknap rhyolite. The hornfels was intensely altered by hydrothermal solutions in pre-Mount Belknap time. Hematite-alunite-quartz-kaolinite rock, the most completely altered hornfels, is surrounded by orange to white argillized hornfels containing" beidellite-montmorillonite clay, and secondary uranium minerals. The secondary uranium minerals probably have been derived from pitchblende, the primary ore mineral in other deposits of the Marysvale area.
The two uranium-rich zones, 4 feet and 5 feet thick, have been traced on the surface for 60 feet and 110 feet, respectively. Channel samples from these zones contained as much as 0.047 percent uranium.
The deposit is significant because of its position outside the central producing area and because of the association of uranium minerals with alunitic rock in hydrothermally altered hornfels of volcanic rocks of early Tertiary age.
INTRODUCTION
Uranium minerals were discovered on the East Slope No. 2 prospect by John Henry of Marysvale and Don Macintosh of Junction, Utah, in July 1950. The deposit is 3£ miles north-northwest of Marysvale in sec. 6, T. 27 S., R. 3 W., Salt Lake meridian, Piute County, Utah, about 1 mile west of Bullion Monarch mine ( fig. 1 ). It may be reached over approximately 6 miles of good graded road from Marysvale. The deposit is one of the few outside the central producing area ( fig. 1) T. S. Levering of the Geological Survey spent about half a day at the prospect and assisted greatly in identifying the types of alteration and comparing them with similar altered rocks in the Eureka district. Eugene Callaghan, also of the Geological Survey, visited the property with the writer and discussed the identification of the various rock types in relation to alunitic and other types of alteration in the Marysvale region.
ROCK UNITS
The volcanic rocks of the Marysvale district have been divided into an earlier Tertiary group and a later Tertiary group by Callaghan (1939,p. 438) . His earlier Tertiary group consists of the Bullion Canyon volcanics: tuff and related volcanic rocks that have been intruded by quartz monzonite; his later Tertiary group consists of the Mount Belknap rhyolite and related extrusives. The two groups are separated by an unconformity and the exact ages of the rocks are unknown.
The Bullion Canyon volcanics and the related rocks in the area mapped have been converted to hornfels. Elsewhere in the Marysvale district they are latite, tuff, flows, and agglomerates.
The hornfels is predominately a dark-gray to green rock composed of white feldspar prophyroblasts in an aphanitic matrix. Subordinately, the hornfels is granular and gradational with the porphyroblastic variety. The granular hornfels is composed largely of fledspars, chlorite, and mica, with minor quartz and magnetite. Epidote was observed in this rock at a few places. The granular hornfels is charaeteristically gray to red, and weathers brown.
The Mount Belknap rhyolite is in fault" contact with hornfels at the' southeast edge of the area mapped. It is a red facies of the formation and consists of tuffaceous and platy red rhyolite. The quartz monzonite is a coarse-grained equigranular rock composed of plagioclase feldspar, orthoclase feldspar, and chlorite, and minor quartz and magnetite. Near the margins of the quartz monzonite, migmatitic zones have been formed by partial assimilation of hornfels.
The three major types of bedrock in the area surrounding the East Slope No. 2 prospect are quartz monzonite, hornfels, and red (Mount Belknap) rhyolite. Their relationships are illustrated in figure 2. At the deposit, hornfels has been altered to hematite-alunitequartz-kaolinite and uraniferous beidellite-montmorillonite rocks. Nearby, the hornfels has been altered to a silicified hematite-alunite rock. These rocks are overlain by Pleistocene or Recent talus and alluvium.
The East Slope No. *2 prospect is in hornfels near the eastern margin of a stock of quartz monzonite. This quartz monzonite stock is entirely separate from a similar stock that contains the larger uranium mines of the district ( fig. 1 ). Hornfels, formed by the contact metamorphism of the Bullion Canyon volcanics, borders the quartz monzonite. Mount Belknap rhyolite, talus, and alluvium bound the older Tertiary rocks to the south, and are the surface rocks in the area between the East Slope No. 2 prospect and the quartz monzonite stock to the east that contains the principal uranium mines of the Marysvale district.
STRUCTURE
A fault of considerable, but unknown, displacement separates the Mount Belknap rhyolite southeast of the EastSlopeNo. 2 prospect from the Bullion Canyon volcanics, the quartz monzonite, and the hornfels. Other faults within this older group of rocks strike west and dip from 54° to 61° south. They are of small displacement, erratic in trend, and formed either during or after the hydrothermal alteration of the rocks. Older faults, if present, may have been obscured by the hydrothermal alteration.
The rocks are moderately fractured; fractures of dominantly north-northwest strike form a conjugate set with fractures of dominantly east strike. The dip of the fractures is variable, but generally is steep.
The original structure of the hornfels is not readily discernible because planar structures other than fractures are generally lacking. The platy Mount Belknap rhyolite is essentially horizontal or dips gently eastward.
URANIUM DEPOSITS
Character Tabular yellow-green uranium minerals, probably autunite, metatorbornite, schroeckingerite, and uranophane(?) are sparsely disseminated in two distinct zones: the north and the south uraniferous zones. The host rock in these uraniferous zones is white, buff, to orange argillized hornfels in which all or nearly all of the original textural features have been obliterated. The uraniferous zones have an east-west trend and dip from near vertical to 54° S. The north zone is 3 to 10 feet thick and has been mapped a horizontal distance of 110 feet and a vertical distance of 70 feet. The south zone is 2 to 5 feet thick, at least 60 feet long, and has been traced intermittently for a vertical distance of 40 feet. Reddish float and altered hornfels suggest that both zones may extend over a vertical range of more than 100 feet.
The two -zones are incompletely exposed as tabular bodies, but geologic relationships indicate that they may be connected and form a shell-like body around a central alunitic core (see pi. 1 and fig. 2 ). This central core consists of brick-red through purple to white, hematite-aluniteTquartz-kaolinite rock in which none of the original textural features of the hornfels can be recognized. The relationship of these zones of alteration to the uranium minerals is illustrated in figure 2.
The uranium minerals form conspicuous, euhedral crystals, as much as a quarter of an inch across, at the margins of the uraniferous zones; here they coat fracture and joint surfaces in the weakly altered dense hornfels. This type of occurrence is analogous to the well-developed, coarsely crystalline uranium minerals that coat the fine-grained dense aplite or "granite" exposed in the Bullion Monarch open cut. In both places the well-crystallized uranium minerals do not necessarily occur in the highest grade ore. The higher grade ore, as in the Bullion Monarch open cut, consists, generally, of very fine grains of uranium minerals in a white to orange-buff clay gangue. By analogy with the operating mines of the central producing area, pitchblende may be expected to underly the secondary uranium minerals.
The highest grade material in the north uraniferous zone is in intensely argillized rock. One sample from this zone contained 0.043 percent equivalent uranium,1 and 0.047 percent uranium. The highest grade material in the south uraniferous zone also is in intensely argillized rock; one sample contained 0.032 percent equivalent uranium and 0.034 percent uranium.
Alteration
Callaghan (oral communication) has distinguished two main types of hydrothermal alteration in the Marysvale region: 1, the pyritic type (pyrite, iron oxides, clay, alunite, and quartz), and 2, the basemetal-gold type (quartz, carbonate minerals, pyrite, and fluorite). Subdivisions of these two types can be made according to the proportions of the various constituents. All types of alteration recognized at the East Slope No. 2 prospect are subdivisions of the pyritic type.
Three sub-types of pyritic type alteration that are based on mineral composition (determined partly by their color) were recognized at the prospect and are shown on fig. 3 : 1, hematite-alunite-quartzkaolinite rock; 2, beidellite-montmorillonite rock; and 3, limonite-quartz rock. The alteration varies in intensity and the mineralogic types overlap.
The beidellite-montmorillonite rock was recognized in the field by the use of benzedine, a reagent that gives a distinctive color to the beidellitemontmorillonite group of clay minerals blue when wet, yellow when dry (T. S. Levering, oral communication). The benzedine reaction is a useful field test, but exact mineral identification requires more precise methods. The hematite-alunite-quartzkaolinite rock is faintly banded in places; white kaolinitic and alunitic rock forms poorly defined bands in the red or purple, more hematitic rock. The limonitequartz rock is orange to buff and contains varying amounts of fine-grained quartz and limonite stains and spots in a clay matrix. The arrangement of these three types o' alteration products is concentric, the hematite-quartz-alunite-kaolinite rock forms the core, the beidellite -montmorillonite rock forms the inner shell, and the limonite-quartz rock forms the outer shell.
The preliminary results of X-ray studies of specimens from the deposit are not conclusive (Theodore Botinelly, oral communication),but appear to indicate th-%t all three types of altered rock contain alunite, and that feldspar occurs with the beidelLtemontmorillo ite rock. Spectrographic analyses made by C. L. Waring of the Trace Elements laboratory, U. S. Geological Survey, are given in table 1. Of particular interest is the barium and vanadium content 0. Ito 1.0 pe-cent in all samples, the increase in magnesium content from the core outward toward less altered rock, and the low content of iron in the beidellite-montmorillonite rock. These analyses, as well as those in table 2, indicate that the uranium content can be closely correlated with the beidellitemontmorillonite type of alteration which, in general, is outside the more intensely alunitized rock.
Sampling
Thirteen chip samples were taken in the upper bulldozer cut. They were cut at approximately right angles to the structure and represent each type of altered rock across the entire mineralized body. Another sample, DW-10-34, of white clay containing uranophane( ?) was taken from the.short trench above the upper bulldozer cut. The analyses of these samples are shown in table 2 (see also fig. 2 ). Of particular interest is the localization of the highest grade uranium in the beidellite-montmorillonite rock.
OUTLOOK AND GUIDES TO PROSPECTING
. The eastern and western limits of the two uraniferous zones on the East Slope No. 2 prospect have not been determined. Trenches to bedrock along the 6670, 6660, and 6560 contours (pi. 1), across the areas covered with talus, might be expected to extend the known limits of these uraniferous zones, as well as to indicate where to do additional trenching. Because of the irregular distribution of uranium minerals in secondary deposits these trenches might be expected to uncover rock of appreciably different uranium content.
In other parts of the Marysvale district, pitchblende, which may constitute higher grade ore, underlies secondary uranium minerals; therefore, exploration by drilling or drifting at levels 100 to 200 or more feet below the present exposures offers the possibility of finding better-grade ore. The absence of information about the vertical extension of the known deposits at this prospect, however, makes such exploration economically hazardous.
The occurrence of secondary uranium minerals with beidellite-montmorillonite rock in zones peripheral to hematite-alunite-quartz-kaolinite rock suggests that prospecting of this general type of altered rock in the surrounding area might be fruitful. The beidellite-montmorillonite rock weathers readily and therefore forms inconspicuous outcrops. 
